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PURPOSE: A Mat Pilates exercise program and a 

stretching program were conducted for elderly women to 

determine how the two interventions affect their autonomic 

nervous system.

METHODS: The subjects of this study were 20 elderly 

women over 65 who regularly used a welfare center located 

in C city of Chungnam. The subjects were assigned randomly 

to the following two groups: 10 people in the breathing and 

mat Pilates exercise program group (PG) and 10 people in the 

breathing and stretching program group (SG).

RESULTS: The present study design is randomized 

controlled trial. Vascular age was decreased significantly in 

the PG (p < .05). The mean stress index was reduced 

significantly in the PG (p < .05), and the amount of change was 

significantly larger in the PG than in the SG (p < .05). The 

health index was significantly lower in the PG than the SG (p 

< .05), and the amount of change in the PG was significantly 

more prominent than in the SG (p < .05).
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CONCLUSION: The Mat Pilates program was effective in 

improving the vascular age, average stress index, and health 

index of elderly women. In particular, it was significantly 

more effective than the stretching exercise program in 

improving the average stress and health indices.
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Ⅰ. Introduction

The elderly population in Korea has been increasing, 

and as of 2021, the elderly population aged 65 years or 

older accounted for 16.5% of the total population. This 

increase is expected to continue and reach 20.3% in 2025, 

making Korea a super-aged society [1]. Among the 

problems of the elderly, continuous stress in old age can 

affect mental and physical health, such as a decrease in 

the autonomic nervous system function, a decrease in 

immune function, and depression, which can directly affect 

the lack of activity and lack of exercise [2-4]. As aging 

progresses, structural changes in blood vessels cause 

functional changes, causing an increase in arterial stiffness 

and dilatation and increasing systolic blood pressure, pulse 

pressure, and pulse wave transmission rate [5]. In particular, 

stress accelerates the functional changes in blood vessels, 
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and the greater the severity, the greater the incidence of 

cardiovascular disease [6]. In the case of women, the level 

of estrogen in the blood decreases rapidly during menopause, 

which causes hot flashes, genital changes, urinary 

incontinence, and osteoporosis, as well as increases the 

prevalence of various chronic diseases [7, 8]. Older people 

are more vulnerable to stress [9]. From the point of view 

of mental health, old age stress induces physical and 

psychological reactions in the elderly and is an important 

factor influencing physical illness [10]. Stress-related 

diseases are related to the autonomic nervous system 

(ANS). Chronic stress activates the sympathetic nerve to 

cause cardiovascular diseases, which can lead to various 

adverse effects on the human body, such as decreased 

immune function [11]. The autonomic nervous system 

maintains the physiological function of homeostasis by 

responding appropriately to various stresses occurring 

inside and outside the body. The heart responds 

dynamically to environmental changes under the control 

of the autonomic nervous system [12]. The state of the 

autonomic nervous system needs to be evaluated to 

determine the effect of stress on the human body. On the 

other hand, few test methods can be used clinically. 

Therefore, the Heart Rate Variability (HRV) signal 

evaluation is a method that is easy to measure and evaluates 

the activity of sympathetic and parasympathetic nerves 

quantitatively. Common HRV signal analysis includes time 

domain analysis, frequency domain analysis, and nonlinear 

dynamic analysis, but time domain Using analysis and 

frequency domain analysis are usually performed to 

interpret the activity of the autonomic nervous system 

[13,14]. During physical exercise, the sympathetic and 

parasympathetic nerves of the autonomic nervous system 

change, and the activity of the parasympathetic nervous 

system is inactivated. In addition, the sympathetic nervous 

system is activated, which increases the heart rate, preload, 

and systemic vascular resistance, thereby increasing the 

cardiac output and blood flow to activate the metabolic 

cells. During the recovery period after exercise, the 

parasympathetic nervous system is activated again, and the 

sympathetic nervous system function is weakened. The 

decrease in heart rate immediately after exercise is closely 

related to this [15].

The most commonly applied intervention in clinical 

practice is stretching, which can maintain the joint position 

before the pain occurs. Maintaining the tension caused by 

appropriate muscle elongation for a certain time induces 

muscle relaxation to improve the range of motion (ROM). 

In addition, stretching can help prevent injury, improve 

athletic performance, increase blood circulation, and 

improve breathing, circulation ability, and the ability to 

adapt to the environment. [16]. In particular, static 

stretching is the most common type of stretching and has 

been recognized as a relatively safe and effective way to 

improve flexibility, and results suggest static stretching and 

rest for the elderly to maintain a sense of balance and 

safe walking [17,18]. Dynamic stretching effectively 

activates active and natural muscles as an integrated 

movement [19]. In addition, by-products (H+) removal and 

nerve stimulation conductivity can be improved by 

increasing the blood flow supplied to the muscles and 

facilitating the oxygen-carrying ability. Moreover, dynamic 

stretching has a more significant effect on improving most 

exercise performance than static stretching [20].

Another intervention method is the Pilates exercise, 

which was first developed by Joseph H. Pilates in the early 

1900s and has been developed continuously. It is easy for 

anyone to follow and is an exercise that accompanies 

physical rehabilitation that can increase the correct 

alignment of the body and lower extremity muscle strength, 

flexibility, balance, and balance based on deep breathing 

exercises [21-23]. Pilates has the characteristics of both 

static and dynamic exercise that dynamically connects 

breathing and body movement to hold the body in an 

aligned position and has been reported to be effective for 

elderly women [24-25]. Pilates is an exercise that has been 
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proven to be physiologically, psychologically, and 

physically effective for the elderly. Previous studies 

confirmed it to be a sufficiently suitable exercise for the 

elderly because it positively affects stress reduction and 

tension relief through breathing control [26,27]. 

Therefore, mat Pilates has been established as a major 

exercise program for rehabilitation and is reported to have 

a positive effect on daily life because it consists of various 

types of strength and flexibility exercises. On the other 

hand, studies on the difference in autonomic nervous system 

changes are insufficient compared to conventional 

stretching exercises. Therefore, in this study, a mat Pilates 

exercise program and a stretching program were conducted 

for elderly women to determine how the two interventions 

affect their vascular age, stress, and health index and to 

suggest a better intervention.  

Ⅱ. Materials and Methods

1. Subject

In this study, 20 elderly women aged 65 years or older, 

who used a welfare center located in C city of Chungnam 

regularly, could walk normally, and were not currently 

participating in other exercise programs, were selected as 

subjects. All subjects voluntarily participated after being 

fully explained the purpose and method of the study before 

participating and after signing the consent form for the study. 

Ten people in the mat Pilates exercise program group (PG) 

and 10 people in the breathing and stretching program group 

(SG) were randomized. In this study, an auxiliary therapist 

was also assigned to ensure safety as a group exercise.

2. Measurement Apparatus

The height, weight, and body mass index (BMI) were 

measured using a body composition analyzer (Inbody 720, 

BioSpace, Korea). Canopy9 Perfect (IEMBIO, Korea) was 

used to evaluate the visceral fat, vascular age, average stress 

index, and health index. As a device to perform the 

measurement, the heart rate variability was analyzed using 

a computer connected to a USB cable. The heart rate variability 

refers to the periodic change in heart rate that occurs when 

the autonomic nervous system, which changes according to 

the internal and external environment, affects the intrinsic 

spontaneity of the pacemaker cells in the sinus node [28]. 

Through this, the vascular age, average stress index, and health 

index are displayed. For the output range and decision, the 

vascular age was compared with the actual age. The stress 

index was assessed in a range from 1 to 10. A score closer 

to 10 indicated higher stress. The health index is a composite 

score from 40 to 100 according to the autonomic nerve test, 

and a score closer to 100 indicated good physical health.

3. Experimental Method

1) Mat Pilates exercise program group (PG)

The exercise program applied to the PG in this study 

is a modification of the interventions conducted in a 

previous study [29] according to the purpose of this study. 

Table 1 lists the program implemented in this study. The 

exercise program was applied twice a week for 50 minutes 

a day for eight weeks.

2) Stretching program group (SG)

The exercise program applied to SG in this study is a 

modification of the interventions conducted in the previous 

study [30] according to the study purpose. Table 2 summarizes 

the program implemented in this study. The exercise program 

was applied twice a week for 50 minutes a day for eight 

weeks (Ed note: Numerals 1 to 9 are written in words.).

4. Data Analysis

This study used the statistical analysis program SPSS 

23.0 for Windows for data analysis. The Shapiro–Wilk test 

was performed for normality verification, and the independent 

sample t-test was performed for subject homogeneity 

verification before the experiment. An independent t-test 
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Stage Movement Duration Intensity

Warm-up

Stretching the whole body

Standing extension exercise

Breathing in the prone position

10 min

Main exercise

The Bridge

The Hundred

The Hip joint circle

The Single leg stretch

The Side Lying

The Quadruped 

The Bridge

The Hundred

The one-leg circle

The crisscross

The side kick

The Quadruped

30 min
10 rep, 2 set

(rest between exercise: 30 sec)

Cool-down

Cross your legs and twist your back

Leg twist

Neck strengthening exercise

10 min

Table 1. Mat pilates exercise program 

Stage Movement Duration Intensity

Warm-up

Stretching the whole body

Standing extension exercise

Breathing in the prone position

10 min

Main exercise

The Bridge

The Hundred

The Hip joint circle

The Single leg stretch

The Side Lying

The Quadruped 

The Bridge

The Hundred

The one-leg circle

The crisscross

The side kick

The Quadruped

30 min
10 rep, 2 set

(rest between exercise: 30 sec)

Cool-down

Cross your legs and twist your back

Leg twist

Neck strengthening exercise

10 min

Table 2. Stretching exercise program 
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was conducted to compare the changes in vascular age, 

average stress index, and health index according to 

intergroup intervention. A paired sample t-test was 

performed to examine the changes in vascular age, average 

stress index, and health index before and after the 

intervention within the group. The statistical significance 

was set to p < .05.

Ⅲ. Results

1. General Characteristics of the Participants

Table 3 lists the general characteristics of the subjects. 

The homogeneity test showed no significant difference in 

age, height, weight, BMI, and visceral fat between the two 

groups, and both groups satisfied the normality test (p > .05).

2. Changes in vascular age, average stress 

index, and health index

Table 4 presents the changes in vascular age, mean stress 

index, and health index after the intervention. The vessel 

age was significantly decreased in the PG (p < .05) and 

did not change significantly in the SG (p > .05). The 

difference in the amount of change in each group was not 

significant (p > .05). The mean stress index was significantly 

decreased in PG (p < .05), and there was no significant 

change in the SG. (P > .05). The amount of change in 

the PG was significantly larger than that of the SG (p < 

.05). The health index was increased significantly in the 

PG (p < .05), and there was no significant change in the 

SG (p > .05). The amount of change in PG was significantly 

larger than the amount of change in SG. (p < .05).

Pre Post
t p

Mean ± SD Mean ± SD

Vascular age
PG 75.09 ± 2.47 74.09 ± 2.88*

.247 .807
SG 72.73 ± 8.00 71.91 ± 7.61

Average stress index
PG 9.46 ± .69 6.73 ± 3.20*

2.280 .034†

SG 8.18 ± 1.99 8.09 ± 2.30

Health index
PG 56.00 ± 12.36 63.91 ± 14.34*

－2.328 .033†

SG 62.64 ± 12.44 61.55 ± 11.00

*There was a significant difference between before and after intervention (p < .05), †: This means that the difference in the amount 

of change between the two groups is significant (p < .05), PG: Mat Pilates Group, SG: Stretching group.

Table 4. Changes in vascular age, average stress, and health index 

PG (n = 10) SG (n = 10)
t p

Mean ± SD Mean ± SD

Age 78.10 ± 8.89 82.64 ± 3.59 1.572 .132

Height (cm) 153.00 ± 6.03 148.27 ± 4.41 －2.099 .051

Weight (kg) 61.51 ± 12.09 58.13 ± 9.46 －.731 .473

BMI (kg/m) 26.33 ± 5.27 26.39 ± 3.60 .033 .974

Visceral Fat (cm2) 216.20 ± 281.41 164.19 ± 106.39 －.573 .573

*p < .05, PG: Mat Pilates Group, SG: Stretching group, BMI: Body mass index.

Table 3. General characteristics 
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Ⅳ. Discussion

The vascular age was decreased significantly after the 

intervention in the PG (p < .05), but there was no significant 

change in the SG (p > .05). The difference in the amount 

of change in each group was not significant (p > .05). 

These results were consistent with the results of a previous 

study [31] in which the vascular age of adult women was 

reduced by the application of the diet program, and another 

study [32] in which the triglyceride level of the 

experimental group was reduced significantly by the 

eight-week weight control education program compared to 

the control group. Kim [33] analyzed the effects of tai 

chi exercise on the shoulder joint, cardiovascular function, 

and immunity improvement in breast cancer surgery 

patients. After tai chi exercise, the heart rate, circulatory 

resistance, and cortisol significantly decreased. Hence, tai 

chi exercise positively affected stress management and 

cardiovascular function. The mat Pilates exercise program 

conducted in this study also positively affected the 

cardiovascular function of elderly women.

Mean stress index significantly decreased after 

intervention in the PG (p < .05), and there was no significant 

change in the SG after the intervention (p > .05). Regarding 

the difference in the amount of change in each group, the 

amount of change in the PG was significantly larger than 

that of the SG (p < .05). These results were consistent 

with the results of the reduction in the stress index of adult 

women by the application of the diet program in the 

previous study [31], and were similar to the results of a 

previous study [34] in which the stress score was reduced 

significantly by nutrition education and exercise intervention 

for 12 weeks. This is because the decrease in the 

parasympathetic activity of the autonomic nervous system 

is closely related to psychogenic mortality by lowering the 

ventricular fibrillation threshold [35, 36]. Based on these 

mechanisms, the mat Pilates exercise program conducted 

in this study helped relieve stress.

The health index increased significantly after the 

intervention in the PG (p < .05), but there was no significant 

change in the SG (p > .05). The amount of change in 

the PG was significantly larger than that of the SG (p 

< .05). In Yang's study [37], the Pilates exercise produced 

similar increases in cardiorespiratory endurance in 

health-related fitness items of adult women in their 30s 

and 40s. Chae et al. [38] reported that Pilates exercise 

produced a significant increase in flexibility in the healthy 

physical strength of the elderly. Currently, for the healthy 

life of the elderly, a training program including 150 minutes 

of activity per week and various components (balance, 

strength, flexibility) is recommended [39]. The effect of 

the PG was superior to the SG because Pilates had a greater 

effect on the improvement of activity volume, balance, 

muscle strength, and flexibility compared to stretching. In 

a previous study [40] that measured the changes in physical 

fitness of the elderly by applying the Pilates program for 

12 weeks to elderly women, there was a significant 

improvement in lower extremity strength, lower extremity 

flexibility, whole body endurance, agility, and dynamic 

balance. In another previous study [41], the effectiveness 

of Pilates exercise was assessed by the improvements in 

postural control, sensory interaction, total fatigue, and 

cognitive scores after 10 weeks of Pilates exercise for 

multiple sclerosis patients. Based on several previous 

studies on the effects of Pilates, Mat Pilates exercise 

program conducted in this study also helped improve the 

cardiovascular function and autonomic nervous system, and 

physical ability of the subjects participating in this study.

On the other hand, the individual's privacy after the 

program was not controlled, the number of subjects was 

small to generalize the results of this study, and it was 

somewhat difficult to compare the results of the two 

interventions with the eight-week intervention period. 

Future studies will require a study with a wider range of 

age groups and men. Such a program will be more effective 

than the results shown in this study if the number of times 
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per week is increased and a program that includes a more 

diverse range of exercise is developed.

Ⅴ. Conclusion

This study investigated the effects of mat Pilates exercise 

and stretching program on the vascular age, stress, and 

health index of elderly women. The mat Pilates program 

was effective in improving the vascular age, average stress 

index, and health index of elderly women. In particular, 

it was significantly more effective in improving the average 

stress index and health index than the stretching exercise 

program. The mat Pilates program was practical to 

implement, and it improved the vascular age, stress, and 

health index of elderly women. If the above limitations 

are overcome, it is expected that a more effective 

intervention will provide a good direction for the health 

management and rehabilitation of the elderly.
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